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Dear Mr. Caton:

On January 19, 1995, Ron Marwitz and Nick Gorham of Motorola, Inc. and
myself met with Ron Netro, Herb Zeiler, Kathryn Hosford, Eugene Thompson and Ira
Keltz of the Wireless Telecommunications Bureau on issues related to the above
captioned proceeding. In particular, the representatives from Motorola discussed the
various factors that affect adjacent channel interference protection for land mobile
stations operating at either 25 kHz, 12.5 kHz or 6.25 kHz apart. In this regard,
Motorola indicated its support for the technical comments submitted by the
Telecommunications Industry Association during earlier phases of this proceeding. In
addition, the following hand-outs were distributed to the staff and should be associated
with PR Docket No. 92-235.

Please call me at (202) 429-7338 should you have any questions on this matter.

;=U~. f-;.
Michael A. Lewis
Engineering Policy Advisor
Wiley, Rein & Fielding
Counsel to Motorola, Inc.

c.c.
Kathryn Hosford

No. of Copies rec·d~O_·_d-_(_
UstABCOE



Adjacent Channel Interference
Protection Ratio

VHF - 15/7.5 KHz Channel Plan

Channel Separation

Adjacent Channel Egyjpment 15 KHz 7.5 KHz

25 KHz into 25 KHz 30 db

25 KHz into 12.5 KHz 50 db

12.5 KHz into 25 KHz 50 db

12.5 KHz into 12.5 KHz 60 db 20 db

25 KHz into 6.25 KHz 50 db

6.25 KHz into 25 KHz 60 db

6.25 KHz into 12.5 KHz 60 db 40 db

12.5 KHz into 6.25 KHz 20 db

6.5 KHz into 6.25 KHz 60 db

Motorola
1/19/95
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Refarming
Private Land Mobile

150 -174 MHz

25 KHz Equipment - 15 KHz Channel Spacing

12.5 KHz Equipment - 7.5 KHz Channel Spacing

Net Decrease

Urban/Suburban/Open - Flat Terrain

160 MHz - Mobile Antenna Height 5 Ft.

~
27-30db

18 - 20 db

9 - 12 db

t
:

Base Hei&b!

150 Ft.
300 Ft.
150 Ft.
150 Ft.

*Baseline Path Length - 10 Miles

Additional
PathLetWb!

6 Miles
8 Miles
8 Miles
10 Miles

Additional
fa.th Loss

8.5 db
10.0 db
11.1 db
13.5 db



Adjacent Channel Interference
Protection Ratio

UHF - 25/12.5/6.25 KHz Channel Plan
Channel Separation

Mi&;ent Channel E~pment ..25.KI::IL ~ ..B...25.KHz
70 db 12 db25 KHz into 25 K z

25 KHz into 12.5 KHz 35 db

12.5 KHz into 25 KHz 35 db

12.5 KHz into 12.5 KHz 60 db

6.25 KHz into 25 KHz 40 db

25 KHz into 6.25 KHz 35 db

6.25 KHz into 12.5 KHz 60 db

12.5 KHz into 6.25 KHz 60 db

Motorola
1/19/95

t
t

6.25 KHz into 6.25 KHz

(1/2 Channel Offset)

6.25 KHz into 12.5 KHz
12.5 KHz into 6.25 KHz

9.375

60 db
35 db

60 db



Business Radio Service Channel Usage
Repeater Channels vs. Offset Channels

(1992)

Motorola
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105 UHF Rptr Pairs 130 Offset Pairs

City (75 MIRA)* # Mbls Mbls/Pair # Mbls Mbls/Pair

New York 76,386 727.48 93,299 717.68

Los Angeles 68,992 657.06 121,501 934.62

Dallas 30,891 198.96 44,075 339.03

Miami 24,454 232.89 16,619 127.83

Minneapolis 19,980 190.28 33,644 258.80

Raleigh 19,257 183.40 13,540 104.15

Omaha 12,814 122.03 4,586 35.27

* 75 Mile Radius of Urban Center
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Offset Channel Use
Public Safety services

450-470 MHz
(1992)

The following is an analysis of the low power offset channel usage in the 450-470 MHz band
in three markets: New York, Chicago, and Los Angeles. This analysis covers the Public
Safety Radio Services. The Public Safety Radio Servicers include Fire (PF), Highway
Maintenance (PH), Local Government (PL), Forestry-conservation (PO), Police (PP), and
Special Emergency (PS) services.

Total New York Chicago Los Angeles
Offset # of 0/0 of # of 0/0 of # of 0/0 of

Chan'Is Offsets Available Offsets Available Offsets Available
Available In Use . Offsets In Use Offsets In Use Offsets

453.xxx5 39 35 89.7 22 56.4 20 51.3

458.xxx5 39 38 97.4 18 46.2 17 43.6

460.xxx5 24 23 95.8 5 20.8 1 4.2

465.xxx5 24 23 95.8 9 37.5 3 12.5

462/463 9 5 55.6 1 11.1 8 88.9
.xxx5

467/468 9 3 33.3 1 11.1 8 88.9
.xxx5

Totals 144 127 88.2 56 38.9 57 39.6

I
I
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I CURRENT 125kHZ

UHF Migration
VNB = 6.25kHz

AAR and LMCC

26kHz
"
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APPENDIXB

TIA PROPOSED EMISSIONS MASKS

A. U.! kHz Mask

This 12.5 kHz mask is intended for:

• reduced deviation analOi (I. t., 2.5 kHz pSt deviatioD with a splaUcr filter similar
to tba1 used for 896-901 MHz equipment), or

• advanced dilital FDMA modulation usinc QPSIC-c modulations as pl'OpOIed for use
within APCO Project 25 (using either the PM versi.oll, C4FM, or tho putiaUy
linear version, CQPSK).

Ba.t on actual equipment measurements and computer simuJationJ, TlA bas developed a
proposal for the 12.5 kHz masks. The 12.5 kHz mask is as followl:

Dlsplacemear Frequeacy <0

o < f oS 2.5 kHz

2.5 kHz < r oS. 12.5 kHz

12.5 kHz < f

AtteDual10D (Db)

o

7«(-2.5)

SO + 10 loa(P) or
70 dB, whichever is the lesser atteIluadoll

This mask bas been desiped to use a spectrUm analyzer with tile followiDl .,mnp:

• Resolution Bandwidth (BW) - 300 Hz. (This choi.c:e of baDdwidth is critical
because it has been chosen to equalize the spectrUm of toDeI, wbicb is ndatively
fixed as the analyzer baDdwidth changes, to that of the noise-like adVlDCe diaital or
otber di&ital sipals which will move up as BW is increased aDd down as BW is
decn=ued).

• Video Bandwidth L 3000 Hz

• Span - 50 kHz for 12.S kHz channels

• Por noise-like or digital signals, peak hold should be utiU7t'd with at least 10
sweeps.

• A sweep speed which allows the analyzer to ranain calibrated should be used.

- B1 -
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With me ceDter tiequency of the analyzer set to the assigned transmitter fIequcncy, the
transmitter sbouId be keyed with an unmodu1ated carrier, and the level adjusted to the full scale
rcfereDce liae. This is the 0 dB reference for the measurement. For analol modulatiOD,
modulate the traIlSJDiuer with a 2.5 kHz ovcrdriven tone (with the level set 16 dB bi.Jher than that
required to achieve 1.25 kHz deviation, 50" of rated system deviation). For dilital modulation it
is assumed that the vocoder technique will cause the modulated signal to be essentially random so
that no special input need be applied.

For digital voice modulation, the FCC spectrum dcsipator when usiDa C4FM is 8KIF1E.
The first 3 characten show that this emission has a 99" power bandwidth (occupied bandwidth)
of 8.1 kHz. The 4th character stands for frequency modulation. The 5th chancter delcribes the
nature of the sipa1 as bein& modulation of the main caITier. And the 6th and last character
silnities that it is a telepbony or voice tnnsmissioo.

B. 6.25 kHz Mask

'Ibis mask hu ... developed in support of APCO PIOject 25. While Project 25 is
concemed only with diaital modulatiOll, the emissioa masks deaibed IN i....... for boda
IDIloI and dilital modulation. Because PM modulation cannot be auppoI1ed in 6.25 kHz
channels, this propoaed masks allows either Smile Side Band (SSB) mochdatioo for the aaa10I
case or can be used with the proposed digital modulation for APCO Project 25 usinI the
compatible CQPSK modulation method. The plan is to allow voluntary mipaDon to 6.25 kHz
channels usin& this mask.

Displaameat Fnqueacy (f)

0<f~3kHz

3 kHz < f~ 4.6 kHz

4.6 kHz < f

AttelUl_IOll (Db)

o

30 + 16.67(f-3.0) or
S5 + 10 10l(P) or
6S dB, whichever is the lesser lUeIluaaion

SS + 10 lOI(P) or
6S dB, whichever is the lesser attaluation

The mat bas t.a delipeel to use a spectrum analyzer with the fo11owina seuinp:

• Remlution Bandwidth (BW) - 100 Hz

• Video Bandwidth ~ 100 Hz

• For noise-like or diptal signals, peak hold should be utilized with at least 10
sweeps.

- B2-
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• A sweep speed which allows the analyzer to remain calibrated should be used.

The new TIA technique of WI a very wide IF settinl should be used to set the reference
level at 0 dB. For the uaJ.oa case, the transmitter should be modulated with the input sipal
specified by pervious rules for the 200 MHz band. For dilital modulation it is assumed that the
vocoder technique will cause the modulated signal to be essentially random so that no special
input need be applied.

The above mask is b..s on the 220 MHz mask a1reIdy deveIcped for SSB modulation and
the pIopoeed FCC mub for 6.25 kHz clwmels. The only tbina that bu b.a doae is to extend
the autborized bandwidth from S kHz to 6 kHz. This wu necessary because the bandwidth of the
9600 bps CQPSIC sipal is ideI11y S.76 kHz. The extension of this to 6 kHz wu done to
accommodate the resolution bandwidth of the spectrum analyzer.

- B3-
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APPENDIXC

FREQUENCY STABILITY

L FIXED AND BASE STATIONS (PARTS PER MlLLION)

FREQtlENCY BAND

ISO - 222 MHz
4S0 - S12 MHz

S.O
2.S

12.' kHz

2.S
2.01

6.25 kHz

1.0
0.1

D. MOBILE STATIONS (PARD PER MILLION)

FREQUENCY BAND

150 - 222 MHz
4S0 - S12 MHz

12.' kHz

S.O
2.S

6.25 kHz

1.0
O.S

"·nin.l...-ry 1, 1996, fiDel .. laue ...,•• __ bay••~ ItUi1icy of 1.5 pp&

:& Mobile ..lieu open&:iD,ll 2 WID or leu power ou&pullDly operUa Il a~ 1IIbiliC)' ofSO
ppllL

- Cl -
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ADJACENT CHANNEL INTE~r!~!NCE CONSIDERATIONS IN
NA~~OMIAND FR lADIO SYSTEftS

Bradl.y M. Hib.n, Mark ~. 'oulin, .nd
Anthony P. vln den H.uv.l

CO_unicltion Sy.t••• ~'.'Irch Labor.tory
"otorol., Inc.

Sch.uabur" Illinois

Ab.tract-Th. d...nd for l.nd .obil. r.dio
•• rvic. h.. .xc••d th. current .upply of
.p.ctru. in the •• jor ••tropoli t.n .r••••
Thi. l.d the rcc to 1.,i.1at. ll.5kHz ch.n
n.ls in the r.c.ntly alloc.t.d 900ft8z b.nd,
a 1:1 r.duction in ch.nn.l Ipacin, co.p.r.d
with land aobil. ch.nn.ls in the UHr .nd
900ftHz b.nd.. Mhil. this .plittin, h.lp. to
r.li.ve the Ip.ctru. con,••tion in the chan
n.l .t.rv.d ••rk.t., tb. r.duc.d ch.nn.l
.p.cin, al.o le.d. to a reduction of the
,u.rd b.nd b.tw.an chann.l., and thar.by the
potanU.l for reduc.d cov.r.,. due to in
cr••••d .dj.cant ch.nn.l Iplatt.r. This
p.par r.vi,wl tha oriq1ft and ","itud. of
U.n••itt.r .pl.tt.r in r" ndio., and how
it il ••••ur.d. Th. varioul waYI it c.n
aff.ct IYlt•• p.rfor.anc. will b. dilcull.d.
So.. h.rdw.r. d'11,n and op.rat10nal •• thool
to li.it the pot.ntial int.rf.r.nc. fro.
this caul. wi 11 b. presented, t0gethe r wi th
an .Iti••t. of th.ir .ff.ct1v.n.ll.

Thi. p.per will di.cull th. .U.Ctl of
.dj.c.nt ch.nnel intarf.r.nc. on .y.t•• p.r
for..nc•. Al.o d••crib.d .r. the ori9inl of.
••thod. to ••••ur., .nd ••thod. to aiti9.te
.dj.c.nt ch.nn.l interf.r.nc.. Sinc. the
rcc h.. r.c.ntly .lloc.ted Ip.ctrum to the
land mobile radio I.rvic. at U6JU1z which
will ••ploy 11.5kHz ch.nn.ll, the narrow.lt
land aobil. ,,, ch.nn.lI y.t ••ploy.d, the
••••pl.1 ,iv.n in this p.p.r will r.lat. to
11.5kHZ ch.nn.l.. A. will b••••n, furth.r
Iubdivilion of ,,, ch.nn.ll il not pr.ctical
vithout aajor Iy.t•••odification.

II. ORIGIN Of ADJACENT CHANNIL INTIRfERINCE

.odulation, the finite att.nuation of Iplat
ter filt.rs, and olcillator noise. the fre
quency spectra of the tran••lliioni extend

The ori,in of .dj.c.nt ch.nn.l int.rf.r
.nc. il Ihown in Fi,ur. 1. Th. fi,ure Ihows
tvo tr.n••i •• ion. occurrin, on adjac.nt
chann.ls. Du. to the n.ture of frequ.ncy

OIl .A_ I ADMCINt
.-aa. I ~L

I
I

of adjac.nt ch.nnel interfer-

IDUUIID
I.', PLTIII

/
""ltI"IlIHCl-----'*'.,.....:-- ...........

I """'CMIIItIL

Oriqin
ence .

FIC.l

I. INTRODUCTION

The d••and for land .obile rad10 I.rvice
hal .xc••ded the allecated sp.ctrull in the
.a,or ••tropolit.n ar"I. A nu.... r of .p
pro.ch.1 te rell.v1nq the Ip.ctrU. con,••
tl0n of .Obl1. co_un1c.Uon have b••n
purlu.d in the palt. ':h'" have 1nclud.d
alloc.tion of n.v bandl. increlled Ihlun9
b.tw••n I.rvic•• , trunk1n" and ch.nn.l
Iplaunq. Of th.I., ch.nn.l Iphtun9 ha.
eft.n b••n invok.d due to ltl eal11y per
can,.d b.n.UtI in t.r.1 of Ip.ctrU••Ui
el.ncy l.prov•••nt and appar.nt Il.pllc1ty.

Th.r. 11 a pract1cal lla1t. how.v.r. to
the ••t.nt ch.nnal .plittin, can b•••ploy.d
b.for. 10.. ch.n,. 1n ba.lc IYlt.. t.ch
nolo,y il r.qulr.d. Thil li.1t lS due prl
• arily to In 1ncr.ll.d problbility of adja
c.nt ch.nn.l interfer.nc. vhu:h occurs II
the bandwidthl of the 9uard bandl b.tve.n
chann.ll are reduc.d 11-31.



beyond the channel boundaries. So.e of thf
power is intercepted .by the adjacent channel
receiver. When the signal strength of the
adjacent channel trans.ission beco.es so
large that the power intercepted by the on
channel recuver approaches the signal
strength of the on-channel trans.ission,
interference occurs.

The ratio of the si9nal stren9ths of the
two trans.issions at the point at which
interfer.nce occurs is called the adjac.nt
chann.l interf.rence protection ratio, or
ACIPJL An ACIPR of 70dl or guater hal
hiatorically been consid.r.d a 900d velu.
for land .obile .yst••s (4). This •••"a
that the signal strength of the adjacent
channel .use .xceed the signal str.ngth of
the on-chann.l si9nal by 70dl before int.r
ference will result.

Th. r.ason adjac.nt chann.l interfer.nce
is worse at the l2.5kHz channel spacing than
at the 25kHZ channel spacing, .v.n though
the deviation has been reduced fro. 5kHz to
2.5kHz, is d••onstrat.d in Figure~. This
figure shows a plot of the bandwu!th r.
quired to contain all but -iOd! cf the
trans.itted power on each side as a function
of d,via~lon for baseband bandwidths of
1.5lrHZ and 3kHz.

u ......----------------.,
7"' ......111I1\ ••• 0...... 'IM' Ill...

Alt. 1.IILMa ......n...~....I\I

i .,.....--------------~
~

'."i.--~•I u

.~__-----..---.J.----~
II

..... In..

r19. 2. lIodvlaUon bandwidth VI. deviaUon
and audio b.ndwldth.

It can be seen fro. the 3kHz 11ne th.t
r.ducln; d.viation fro. 5kHz to ;:. 5kHz re
duc.s the 70dB bandwidth by only a faetor of
0.7 rather than 0.5. Reducing the devlatlon
to 2.5kHz and the baseband bandwldth to
1.5kHz reduces the 70dB bandwidth t: i.5kHZ.
which is 0.5 ti... the ouqlnal candwidth.

This shows that baseband bandwidth .ust be
scaled along with deviation 1n order to
scale trans.itter bandwidth, and therefore

trans.Hter splatter. This is not pOllible
without unacceptable degradation in audlo

quality.
The Carson's Rule bandWidth is allo

shown for 3kHz ba.eband bandwidth. AI il
ea.ily •••n, Car.on's Rule cannot be used to
deter.ine ehannel spacing in an FI'I syste.,
since it eo.pletely ignores "the issue of
adjacent channel interference perfor.ance.

Note that the graph indicates that 70dB
b.ndwidth c.n b. continuou.ly reduced ~y

reducing the d.viation. Howev.r, this it:
not a practical ••ana for reducing the
aplatter for narrow .pac.d , .. channels, as
will b. ahown n.xt.

figure 3 .howa the .U.cta of reduc.d
d.viation on a.nsitivity. The shaded bars
are ••••ur.d 12dl SINAD sensitivitiea d.
ter.in.d at various d.viations uaing a
typical 800KHz r.c.iv.r. Sen.itivity is
gi ven with r.ap.ct to the noainal III. sen-

.........., ft. DIII...lon
(r'A IfNAD)

•
·1

..
f
j .•

••

.,. L..-..:..,r~.,.,r_~-'""';"----_:_- ..

De_ ,...,

Fig. 3. Ell. SINI~ sensitivity vs. deviation.

.itivity conditions of 1kHz tone at 60\
rat.d deviation (5). Note that as the
deviatlon i. reduced fro. 3kHz to 2kHz,
sensitivity do.. not de9rade .easurably.
However, below 2kHz the .ensitivity deqrades
quite rapidly. Thi. characteristic cor
relatea well with the level of power in the
.odulation aidebanda, which 15 shown by the
solid line. Thia showl that .ensitivity is
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independent of deviation for deviations

above approximately 2kHZ. while below 2kHz.

sensitivity is a strong function of devia
tion.

The deviation level used for sensitivity
measurement of a 12. 5kHz channel system is
shown. It is past the knee of the curve,
and deviation reduction will degrade sen
sitivity immediately. and rapidly.

For 12. 5kHz channel systems. the small
sensitivity degradation frail reduced de
viation is more than offset by the narrowing
of ':he receiver IF bandwidth. If channel
spa:ing il reduced further in the future.
this sensitivity degradation will beco.e
siqni ficant.

Fiqure 4 is a history of the adjacent
channel interference performance and sen
sitivity of land mobile radio systems as
channel spacinq has been reduced from over
100kHz to today's 12.5kHZ. and beyond. The
graph has been adjusted t~ eaploy the tech
nology used in modern 800"8Z synthesized
radios so that trends can be noted, rather
than the parameters of spec1flc radios usee
at specific bands.
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Flq. ,. History of land 1I0b11e senUtlnty
and ad,acent cnannel 1nterference
perfor.ance.

Note fint the ACUIl performance. In
.yste.s with channel spaclnqs of greater
than 20kHz, ACIP~ is :imited by sideband
n01se, and increase, ,lowly as channel size
1ncreases. As channel Slze approaches
12.5kHZ, ACIP~ becomes lim1ted by trans
mitter Iplatter, and dequciel rap1dly wi th
w1t~ decreas1ng channel spac1ng.

3

Note alia that with decrealing channel
Ii ze , senli ti vi ty has inc realed. improv in9
coveraqe, 'until the increase levels off near

12.5kHZ. Th. trend to note is that coveraqe
improvement due to reduced IF bandwidth dis
appears at the .a.e time that coveraqe
penalties due to adjacent channel inter
ference beqin.

Figure 4 Ihows that another rea.on
adjacent channel interference is a bigger
problem at 12.5kHz channel spacing is that
the v.riatio~ of ACIPIl with frequency offset
i. wor.e. At wider channel spacings ACIPIl
il limited by lideband noi .. and vari.. at
approximately 6dB per octave of frequency
for Iynthesized radios. At the 12.5kHz
Ipacinq ACIPIl is limited by tranlmitter
splatter and variel apprOXimately 8dl/kHz.

For exa.ple. the 4ppm frequency tol
erance specified for today's 800"8z systems
allowl a wor.t ea.e frequency offset of
about 3.5kHz. At 6dB per oetave. the ACIP~

would deqrade leiS than 2dB. A aimilar
frequency offset in a 12.5kH! channel sYlte~

would degude ACIPIl by approximately 28dB.

Clearly, an improve.ent in frequency Ita
bility is eSlential.

The syltem ltability Ipecified for the
new 896"8z band il l.6ppm. The lIobile part
of this il 1.5pp•• which is conlidered the
hiqhelt tolerance practical for ule in a
mobile today. The bale tolerance il O.lppa,
lince lize and cost are not as critical at
the base. Even 10. the ACIPIl is degraded by
nearly 12dB.

III. ErrrCrS OF INTEIlrUENCE

Deqraded Iplatter protection can lead
to deqraded Iylte. coverage effects for both
talk-out and talk-in.

The talk-out ca.e i. illustrated in
Fiqure 5, which IhoWI a mobile located be
tween two tran••itter sitel desi9nated A and
B. and allu.ed to be on adJacent channels.
The large circle represents the coverage
prOVided by the tranlmitter at $lte A, in
the aOlence of interference tranlllltter B.
However, with transmitter B included, there
15 a re9ion around B where the s19na1



rig. S. I.p.ct of .dj.cent ch.nnel interfer
ence on t.lk-ovt cover.ge

strength fro. tr.n••itter I il l.rge enough
to meet or exc.ed the ACIPR for the .0bU.
in sy.t.m A, l ••ding to • hole in the cov
er.ge as depicted by the •••ll.r circle.
The size of the hole in pr.ctice will dep.nd
on a coabin.tion of the loc.l g.ogr.phy, the
.p.cific geo•• try of the situ.tion, the
tran.mitter pow.r l.v.ls, and the ACIPR
v.lu. (6). How.v.r, providing the loCI•• i.
.bov. so.e .ini.u. v.lue n.c.s.ary to co.
p.n.ate for independent .ayleigh fading, .nd
SOli. minor sh.dowing diU.r.nces, the hole
in the cove rag. for t.lk-out ••••nti.lly
disappears if the two tr.ns.ituu are co
locat.d. Thu., wh.r. avlti-ch.nn.l .y.t•••
.re involv.d, it c.n be .dv.nt.g.ous to v••
contlguous channel assign••nts for this
re••on.

Th. degr.dation in in-bovnd cover.ge dv.
to d.gr.d.d splatt.r prot.ction 11 shown in
Figure 6. In thi 1 c... the problea occur.
vhen a .econd .obil. on an .dJ.cent ch.nn.l,

Fig. 6. I.pact of adj.cent ch.nnel interf.r
.nc. on talk-in cov.r.g•.
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aobile II in the figure, is close to 1I0bi h

A's ba•• receiver. Ag.in, dep.nding on the
sp.cifics, the coverage range for A is re
dvced when mobile B transmit. and its signal
.t the ba.. sit. exceeds the ACIPR for the
systell (7 J. Note that eontiquous channel
.nign.ents does not help direetly in this
c.se.

The ACIPJt of a sy.t.. c.n be .ea.ured in
••v.r.l w.y.. Th. i.port.nt point il to
obt.in • value that accurately repre.ents
wh.t a v•• r will .xp.ri.nce, .nd .0•• tests
ar. be~t.r .~ ~ha~ ~h.n other••

The .i.ple.t ••••ur•••nt is the EIA

Stand.rd JtS-204-C r.c.iv.r ••leetivity
••••un..nt uaing 1kRz .nd 4~OHz tones .t
60\ r.t.d d.vi.tion on the d.sired .nd
interf.rinq ch.nn.1s, re.p.ctively. This
• •••ur•••nt i. .i.p1. to ••k., rep•• t.b1e,
and •••y to .od.l ••th•••tical1y. Bovever,
whil. u••ful •••••••un of ••1.etivity,
the ••••ur•••nt is not a ••aninqful •••sur.
of ACIP.. Sine. voic. c.n c.u•• high fr.
quency, high deviation p••ks, the use of a
400Hz ton••t 60\ r.t.d d.vi.tion giv•• op
ti.i.uc r••ult. in c•••• wh.re ACIP. is
.platt.r li.ited••uch •• in 12.5kHz channel
.yst•••.

A .ethod that provid.s a .ore us.ful
re.ult involve. a .ubj.ctiv•••••ur•••nt.
wh.r.in a nuab.r of t ••t .vbj.ct. ar. ask.d
to li.t.n to voice tr.n••i •• ion on a radio
aetup and .djuat the .ignal .trength of an
interfering voic. tran••i •• ion until th.y
feel an int.rf.r.nce crit.rion has be.n met.
At this point, the ratio of the sign.l
.tr.ngths of the two tr.ns.i.sions is the
ACI'.. The voice tr.n•• i •• ions are filtered
and d.viation contro1l.d ju.t as th.y would
be und.r nor••l op.r.ting conditions in the
equip••nt und.r te.t. Typical int.rference
crit.ri••r•• l.v.1 of interfer.nc. which
is -ju.t notic••bl.- and • l.v.l of inter
fer.nce which -hurts intelligibility".

Although the magnitude of the r.sult
depends on the criterion e.ployed, r.sults
in our l.b h.ve shown that the rate of



dequd.tion il quite r.pid. For example,

betw.en "just notice.ble" and. "hurts in

t.lligibility" r.pr.s.nts .bout 6dS incr••••

in ACI'Jt. Thul this .ethod can provide a

useful b••il for comp.rilon .v.n where the

crit.ria values are not objeetively deter

minable .

An .It.rnate •• thod whieh il ilion

obj.ctive in n.tur. .nd r.t.lnl the u.. of

voice •• the int.rf.r.r il SIHAD deqrad.tion

[8/. In thil •• thod, a 1kHz tone at 60'

r.t.d d.vi.tion il us.d on the d.sir.d chan

nel .nd • l2d8 SINAD condition il ut up.

Adjac.nt chann.l si9n.l str.n9th i. 1n
cr....d until SINAD is d.,r.ded to 6d8 on

voic. p••ks. At thil pOint, the ratio of

the s1gn.l stren9ths of the two tr.ns

aissioftl i. the ACI,a. Ixperi.ftc. h.s .hown

th.t ACI,a v.lu.s d.t.raift.d usinq. this

method lie .bout lIIidw.y b.tw••n thou d.

t.rain.d u.ift9 the "ju.t notic••ble" .nd

"hurt. int.lliqibility" criteria described

.bov••

OHtred Channel InterterinV Channel

Th••dv.nt.,•• of thil a.thod are that

li.t.n.rl .re ~ot n••ded, r.sultl are quick

ly av.il.bl., the ••••ure••nt is quite re

pe.tabl., .nd it ,iv'l • m.aninqful r'lult.

Th. di••dv.nta,. is that 10m. subjectivity

il r.quir.d in d.t.rmining wh.n voice peaks

are d'9rading SINAD to 6d8.
A v.ri.nt on the .bov. r ••ov.s the re

a.ining .ubj.ctivity by u.inq the p.rcent of

ti•• a voic. tr.n••inion d.qud.s a l2d2

SIHAD condition below • qiv.n SINAD lev.l

(9) • This ••••ur•••nt is p.rform.d i t.r

.tiv.ly, .dju.tin, the .tr.n,th of the in

t.rf.rin, .i,n.l, and ••••urin' the perclnt
of ti.. SZNAI) is d.qud.d below different

SZHAD 1•••1. oVlr .n .pproxi••t.ly 30 lecond

plriod until the p.rc.nt of tim. b.low a

giv.n SIHAD i. .0.. fr.ction. of the tim•.

For ••••pl., • crit.rion of 12d8 SINAC de

gUd.d to Idl for 20' of the ti.. yieldl a

••••ur.d ACI,a v.lu. clo.. to th.t for

"hurts int.lli,ibility".

Fi,ure 7 .how. the te.t .quip••nt con

fi,ur.tion•. u••d for the ••••ure••nt .ethodl

dllcrib.d .Oov••

F19. 7 Telt equlpment conf1quratlonl for
(Alsubjectlve tnt, (8)5INAD dequ
datlon. (C lllle.lured \ of tlllle.

" •••ur...ftt. of ACI,a w.re ••d.. as •

function of frequ.ncy offset. for IIv.r.l

v.lu.s of .udio b.ndwidth .nd devi.tion.

u.inq the SINAD d.,r.d.tion m.thod of Figure

7181. Th. r.c.iv.r ••ploy.d in the ••••ur.

••nta h.d an IF bandwidth of 8.lkHz at the

6dB poinu, which ia .o••wh.t wider than

will be us.d in thl nlw 900"HZ r.diol but

r,pr.s.nt.tiv. of tho•• u••d at hi9h band

wh'r. st.bility probl••••r. l.s. IIveu.

Th. r.lults ar. shown in Figure 8 for ad

j.c.nt ch.nn.l frequ.ncy offs.tl rlnqin9

fro. 7. 5kHz to 12.5kHz. Curvea for four
co.binetionl of audio b.ndwidth and d~vi

.tion .re plott.d. A. indic.t.d. the low.st

curve r.pr•••nta the .pletter r ••ults which

w.r. obt.in.d u.in9 the •••• 3kHz audio

b.ndwidth al ••ployed in 800..Hz radios. but

reducing the peak dlviation to 2.5kHZ. Note

th.t the best ACIPJt in this call lS only

52dB at 12. 5kHz offset. far from adequate

for noain.l .yst•• uI.q.. The upper curve

v. "lASuaE"ENT RESULTS
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Fig. 8. ACI.a VI. frequency offlet for v.r

ioul .udio bandvidth (AaN) and d.v
hUonl (dev.).

repr•••ntl the oth.r eatre.. of ••••ur.d
para.eten .nd Ihovs that ev.n for 2.Sklz
audio bandvidth and 2. OkHz deviaUon, the
ACIPR only approach.s the n.eded value for
ofh.ts clo.. to l2.5kHZ. It follovs that
vi thout lo.e major Iy.t.m ch.nge, .uch a.
di~ital .peech encodinq to reduce audio
bandwidth .till further. channel sp.cing be
low 12.5kHZ vill not be po••ibl. without
••verely r.duced p.rfor••nce. Ev.n at
12.5kHz it is cle.r th.t .o.e ch.ng•••re
n.c•••• ry to .nlure IYlt••• with co.p.r.bl.
cover.ge .nd audio qu.lity to thOle .t
800KHz. Exa.ples of pouible ch.ng.. are
giv.n in the n.xt l.ct1on.

VI. INTEaFEaENCE "ITZGATION "ETBODS

A. indic.t.d .arli.r, th.r••r. s.ver.l
w.y. to reduce or eli.in.te the d.leterious
.ffects of increas.d .d)acent chann.l splat
ter. Th••• includ. the cO-liting of .dj.
cent channel tr.nl.ittera where poaaibl.,
incre.lin9 the inh.r.nt Iy.t.. frequency
stability, .nd keeping the rec.iver IF ••
narrow .1 po••ible con.i.t.nt with th.t
ne.d.d for ad.quat••ignal recoy.ry.

Still further benefit can b. provided by
iner••• ing the skirt roll-off ot the trans
mitter .udio splatter filt.r. For .xampl.,
incr.a.ine; the nullb.r of poles from thr.e
(18dB/octave) .s us.d in 25kHz sp.c.d ra-
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diol, to five pol•• (30~B/octave), a gain cf
.bout 6dl in ACIPIt has been measured fot
12.5kHz radiol. However, increasing the
nu.ber of poln b.yond five does not help
.ppr.ciably.

I.yond the above st.ps, it b.coaes
n.c....ry to lillli t the actual power be inc;
splattered by an adj.c.nt channel. This is
practical wher. control of the adjacent
chann.ls exiltl. Such. situation exisu.
for ••a.ple, for all but the two edge chan
nel. of a contiguoul block of three of more
ch.nnels. Even the two edge channels have
only ODe adjacent ch.nnel that is not part
of the a.. .y.te.. Under this circulII
.tance, it beco..s pOllibl. to limit adap
tively both the .a.i.\IIII power level and
deviation of the I1gn.lI lluiving at the
receivin9 aite. For e.alllple, if the trans
.itter power fro. every mobile is controlled
.0 that the si9nal levell at the bas. n
ceiverl is never .ore than XdB above thresh
old s.nsitivity, when X is 3d. leu than
the ay.te. ACIPR, then interfennce due to
.plattet will not occur. This is pouible
tor lIIod.rate value. of splatter protection,

even in a fadin9 envi ronaent, lince it is

only vhen the adjacent channel signal is
very strong, i.e., vell above lensitivity,
that any pover-cut b.ck n.ed be invoked. In
fact, und.r th••e circu.stances it is allo
practical to r.duce the d.viation and splat
ter filter bandvidth by • s.all a.ount,
9aining considerable i.prove.ent in the
effective AtIPa. For .xa.ple, u.ing a com
bination of 3dl adaptive power reduction,
2dB adaptive deviation reduction, and adap
tively dropping the splatter filter corner
frequency to 2.5kHz, there is an effective
i.prove.ent of al.o.t 20dB in ACIPR fot
12.5kHz .p.ced ch.nnels. It il i.portant to
not. that ainc. th.se cut-backs only occur
under .tron9 signal conditions, full system
9ain, or coveraga, is retained, whether
there are clo.e in .obile. trans.itting on
the adjacent channel or not.
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VII. CONCLUSION

This paper has .hown that adjacent chan
nel interference h a lignlfic:ant obltacle
to achieving i.prov•••nts in spectrum effi
ciency using today's mobile radio technolo
gy. Ev.n at 12.5kHz .p.cing, significant
i.prove.ent. in Itability .nd sy.t.m control
.re n.c•••• ry to retain p.rfor.ance .quiv
al.nce with th.t for 25kHZ .paced sy.te.s.
rurther, ev.n with th••e i.prove••nts, it il
nec'.I.ry to previd. • high l.vel of fre
qu.ncy planning and coordination, ••p.cially
fer •••ll.r Iylt.... Still further sub
divi.ion do.. not app••r to be pelsibl.
without .ajor ch.nges in IYlt•• delign.
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